Background: The aims of the present study were to establish the incidence of head and neck necrotizing fasciitis (NF) in the Adelaide Oral and Maxillofacial Surgery Unit; review the current literature regarding the management of head and neck NF; and determine the evidence for the role of hyperbaric oxygen therapy in the management of NF. Methods: A retrospective audit of all patients admitted to the Royal Adelaide Hospital Oral and Maxillofacial Surgery Unit 2006-2015 with severe odontogenic infections was carried out. Patient demographics were recorded and treatment details were collected and analysed. Results: A total of 672 patients were admitted for management of severe odontogenic infections. Of these, three were identified as NF. One case was treated using hyperbaric oxygen as an adjunct to conventional surgical and medical management. Two cases were managed using aggressive surgical management alone. Two patients survived. The incidence of head and neck NF in South Australia is 48/100 000 infections per year. Conclusions: The first-line treatment of severe odontogenic infections remains conventional surgical and medical management; however, hyperbaric oxygen therapy may have an additional role in the management of NF and other rare severe infections in medically complex patients.
INTRODUCTION
Necrotizing fasciitis (NF) is an acute, rapidly progressive infection of the fascia and subcutaneous tissues that is well-recognized in various parts of the body, but is less common in the head and neck region.
1,2 NF of the head and neck is most commonly referred to as cervicofacial NF (CNF), and can be subdivided into craniofacial NF, occurring above the lower border of the mandible, and cervical NF occurring below. 2, 3 The most common cause of CNF is odontogenic infection, particularly in those patients with chronic disease or those who are immunosuppressed. 1, 2, [4] [5] [6] [7] [8] [9] [10] Other causes include oropharyngeal infection such as tonsillitis and peritonsillar abscess, insect bites, trauma and postoperative infection. 2, 4 The incidence of CNF has not been readily reported in the literature and the diagnosis of CNF is often delayed due to signs and symptoms readily attributable to other soft tissue infections. It is primarily a clinical diagnosis and is often first suspected in patients who do not respond to conventional therapy for odontogenic infection. The diagnosis of CNF requires both clinical signs and symptoms and histopathological findings. Common early signs of CNF include marked cutaneous erythema, warmth, oedema, pain disproportionate to clinical signs and hyperaesthesia. 1, 2, 4, 5, 9 As CNF progresses, patients may develop tissue crepitus, bullae and skin necrosis with purpleblack discolouration secondary to vessel thrombosis. 1, 2, 4, 5, 9 Cervicofacial NF is most commonly a polymicrobial infection 1 and its management requires aggressive surgical debridement as well as adjunctive medical and supportive therapy. The initiation of early empiric antibiotic therapy is essential and this can then be modified according to culture and sensitivity results. 7, 11 Hyperbaric oxygen therapy (HBO) has been widely recommended in the literature as an adjunct in the management of CNF, although there have been no randomized controlled trials to assess the efficacy of HBO in the management of CNF.
The aim of this study is to establish the incidence of head and neck NF in the Adelaide Oral and Maxillofacial Surgery Unit and to review the current literature regarding the management of head and neck NF, including the role of HBO.
METHODS
A retrospective audit of all patients admitted to the Royal Adelaide Hospital Oral and Maxillofacial Surgery Unit 2006-2015 with severe odontogenic infections was carried out via retrieval of electronic records and analysis of a separate odontogenic infection database within the Oral and Maxillofacial Surgery Unit. Patients diagnosed as having CNF were included in this study. A diagnosis of CNF was made with a combination of: (i) clinical signs and symptoms; (ii) white cell count; (iii) serum C-reactive protein levels; (iv) intraoperative assessment; and (v) histopathological specimen results. Information recorded for these patients included age, gender, presenting symptoms, aetiology, associated comorbidities, and medical and surgical management and complications.
RESULTS
A total of 672 patients were admitted to the Royal Adelaide Hospital for odontogenic infection over the 9-year period from January 2006 to January 2015. Of these patients, three were identified as being complicated by CNF. This gives the South Australian Oral and Maxillofacial Surgery unit an incidence of odontogenic-related CNF of 48/100 000 odontogenic infections per year.
Case 1
A 78 year old Laotian man with a history of type two diabetes mellitus, hypertension, osteoarthritis, hypercholesterolaemia, pulmonary fibrosis and a previous right cerebellar stroke was transferred to our institution from a peripheral hospital after a 1-week admission with a left side facial swelling and systemic symptoms after extraction of tooth 38. On presentation, he was febrile and hypertensive with a white cell count of 17.4 and C-reactive protein of 270. He had a left fluctuant temporal, parapharyngeal, palatal and buccal space swelling (Fig. 1) . Computed tomography (CT) showed a left parapharyngeal and tonsillar abscess measuring 53 mm 9 38 mm 9 65 mm with extensive gas noted within the tissues (Fig 2) . These radiological findings demonstrate multiple gas collections within anatomical structures which is different from a usual pattern of invasive Streptococcus anginosus infection. The patient underwent surgical drainage and debridement in theatre with 150 mL of pus drained from the superficial temporal space. He was postoperatively managed in the intensive care unit for septic shock and showed no systemic or local clinical improvement over a number of days. A repeat CT revealed a recollection of infection and extensive gas within the soft tissues. He was taken to theatre for two further extensive soft tissue debridements including debridement of the necrotic left temporalis muscle. Blood cultures showed Streptococcus bacteraemia. Wound swab cultures showed multiple multi-resistant bacteria including Serratia species, Citrobacter koseri, Klebsiella oxytoca and Enterococcus faecalis. On day 23 of admission, he was deemed suitable for HBO and underwent 7 days of treatment. He subsequently clinically improved and was discharged 39 days after admission.
Case 2
A 64 year old Caucasian male with a history of type two diabetes mellitus, ischaemic heart disease and diverticulitis was transferred to our institution via the Royal Flying Doctors Service from rural New South Wales with a 1-day history of Ludwig's angina. On presentation, he was febrile with trismus and stridor and marked erythema extending from the mandibular border to the sternum. He was systemically unwell with marked tachycardia and confusion. He was initially admitted under the ear, nose and throat team who proceeded to a fibre optic intubation and an emergency tracheostomy. Twenty-four hours later, oral and maxillofacial surgery were asked to review the patient and he was found to have an ongoing Ludwig's angina, pus discharge from the tracheostomy site, a grossly carious dentition and extensive gas within the tissues on CT (Fig. 3) . He was taken to theatre for an incision and drainage and multiple tooth extractions. Wound swab cultures showed multi-resistant Klebsiella pneumoniae, Proteus mirabilis, Serratia species, K. oxytoca and Stenotrophomonas maltophilia which were treated with i.v. antibiotics. A repeat CT postoperatively showed a recollection within the right retropharyngeal and parapharyngeal spaces with extensive gas formation. Postoperatively, the upper thorax cellulitis rapidly spread and the patient was taken back to theatre multiple times for extensive transcervical debridement of necrotic fascia as well as partial resection of the sternocleidomastoid muscle. He continued to deteriorate on the ward and died of spontaneous cardiac arrest.
Case 3
A medically well 32 year old female i.v. drug user presented to the emergency department with a 2-week history of increasing facial swelling and a lower right side vestibular abscess. On examination, she was systemically unwell with perioral NF and multi-organ dysfunction. She was taken to theatre for a full dental clearance, drainage of the abscess and debridement of necrotic tissue. Wound swabs and blood cultures both grew Staphylococcus aureus and Candida tropicalis. She underwent testing for a variety of infectious diseases which were all negative. Postoperative intensive care unit support was given with little clinical improvement. She had progressive loss of her upper lip and cheek due to spreading perioral NF, as well as developing intracranial complications. The patient survived and underwent extensive rehabilitation with significant long-term impairments including partial blindness, hemiparesis and cognitive impairment.
DISCUSSION
The Royal Adelaide Hospital contains the only oral and maxillofacial surgery unit in South Australia. It covers a population area of 2 million people and manages all odontogenic infections as a centralized service. The hospital employs a standardized management protocol for all odontogenic infections which includes a multidisciplinary approach. All cases have input from oral and maxillofacial surgery; ear, nose and throat surgery; anaesthetics; intensive care; and infectious diseases physicians. The management protocol ensures that the majority of odontogenic infections are definitively managed within 4 h of arrival at hospital and all the postoperative care is carried out in a single centre. The incidence of CNF is not commonly described in the literature. Wong et al. in 2000 reported an incidence of 2.6% among hospitalized infections within the oral and maxillofacial surgery unit in Tainan, Taiwan. 8 The incidence of CNF in our population was 48/100 000 odontogenic infections per year, which is significantly lower.
Cervicofacial NF is more common in patients with chronic disease and immune suppression. Patients with obesity, malnutrition, diabetes, immune suppression, renal failure, alcoholism, malignancy and i.v. drug use are all at increased risk.
1,2,4,5,12,13 All three of our patients with CNF had underlying chronic disease which included diabetes mellitus, drug abuse and hepatitis B infection.
Early diagnosis of NF is essential to allow early aggressive treatment to improve patient outcomes. 2 Misdiagnosis is common as early signs and symptoms are equivocal and appear similar to cellulitis and other soft tissue infections. 5, [13] [14] [15] [16] As CNF progresses, patients become systemically unwell and display signs of shock. 5 Myonecrosis is a late sign thought to be due to vessel thrombosis. 1, 11, 17, 18 Two of our three patients had myonecrosis present on surgical exploration and required extensive debridement of necrotic muscle tissue. As yet, there are no accepted diagnostic criteria for cervicofacial NF and the diagnosis is mainly clinical. In the three cases identified in our own institution, the early signs and symptoms were typical of odontogenic infection and they were initially treated as such. After further investigation and management, CNF was diagnosed. The diagnosis of CNF was ultimately made with a combination of: (i) clinical signs and symptoms; (ii) white cell count of more than 11.0 9 10 9 /L; (iii) C-reactive protein levels of more than 8.0 mg/L; (iv) intraoperative identification of necrotic tissue; and (v) histopathological specimen results (Table 1) . Typically in our hospital, the management of odontogenic infection does not include the histopathological analysis of tissue specimens, but in the three cases of CNF soft tissue specimens were sent for histopathological analysis based on the intraoperative findings of extensive spreading necrotic infection.
Assessment of patients with CT scanning may assist in the diagnosis of CNF. Abnormal gas collections within the cervical tissues on CT scan is consistent with CNF infection and is seen in 54.5-64% of cases. 8, 16 Other CT findings consistent with CNF include thickening of the subcutaneous fat, diffuse enhancement of the cervical fascia, enhancement and thickening of musculature and fluid collection within neck compartments. 16 All three patients with CNF seen at our institution demonstrated extensive gas collections on CT as well as muscle thickening and enhancement.
The microbiology of CNF infections is variable, with the majority being polymicrobial. 1, 2, 7, 8, 11, 12, 18, 19 Both aerobic and anaerobic bacteria are commonly found. In the three patients we managed with CNF, all had polymicrobial infection with multi-resistant organisms, as shown in Table 2 . An interesting feature of the isolated organisms is that they are mostly non-standard oral bacteria. We found that there was broad resistance to amoxicillin within the isolated organisms. This is a significant issue in the management of CNF, especially as the emergence of multiresistant organisms is increasing worldwide and particularly in the Asia-Pacific region. This emphasizes the importance of wound swabs being used for microbiological culture and sensitivity to determine the specific bacterial resistance patterns. Table 2 . Multi-resistant organisms in three patients with cervicofacial necrotizing fasciitis
The management of cervical NF involves early aggressive surgical debridement and patients commonly require repeated surgical debridement of necrotic tissue. 1, 2, 4, 7, 8, 11, 15, 17, 19 In a case series of 10 patients by Mohammedi et al. in 1999 , patients required a mean of five surgical explorations.
1 A retrospective study of 38 patients found that the early intervention in CNF improved prognosis, which is supported by other studies. 5, 13 Early broad-spectrum empiric antibiotic therapy is essential, with modification of antibiotic treatment once microbial culture and sensitivity results become available. 2, 7, 13 Antibiotic therapy may not be effective due to vascular thrombosis which is common in NF and may inhibit the delivery of antibiotics to the site of infection.
1 Airway management is essential and tracheostomy should be considered for definitive airway management. 9 The use of HBO in managing CNF has been suggested by multiple authors as being a useful adjunct. 2, [5] [6] [7] 12, 14, 17, 18 Multiple retrospective studies in the literature have small cohorts and small or no control groups. These studies have varying results including both increased and decreased numbers of surgical debridements compared with patients not receiving HBO therapy. 12, 20 Some studies have suggested an overall mortality benefit in patients receiving adjunctive HBO therapy in the management of CNF, whilst others have found no mortality benefit. 12, 21 There are no prospective randomized controlled trials on the efficacy of hyperbaric oxygen in the management of CNF due in part to the rarity of the condition. HBO is said to augment the immune response to infection, accelerate wound healing as well as being directly bactericidal to anaerobic bacteria. 12 In our own institution, HBO is available and can be used for both ward patients and intensive care patients who are intubated and ventilated. In the initial period of treatment of CNF, our patients are generally managed in the intensive care unit and remain intubated and ventilated for airway protection. The movement of these patients for HBO therapy requires careful planning and transfer to a separate part of a large hospital. The transfer of an intubated patient is costly in both time and medical personnel and carries multiple risks including dislodgement of the endotracheal tube and destabilization of an acutely unwell patient. Given that there is no scientific evidence to suggest that HBO is a highly effective adjunct in the management of CNF, we did not employ HBO in the early stages of management of this condition, preferring to focus on multiple surgical debridements and supportive medical therapy including i.v. antibiotics. In one case, we did use HBO in the management of CNF once the patient was medically stabilized, extubated and being cared for on a general surgical ward.
CONCLUSIONS
Cervicofacial NF is a rapidly spreading, aggressive infection that requires early diagnosis and management to improve patient outcomes. The first-line treatment of CNF is aggressive surgical debridement, empirical i.v. antibiotics and supportive therapies. Whilst HBO theoretically may be of benefit as an adjunctive treatment, it has not been demonstrated in trials to be efficacious in the management of head and neck CNF. We recommend conventional surgical and medical supportive therapies with use of HBO in stable ward patients where practicable.
